By exposing human blood-derived macrophages and alveolar macrophages in vitro to dexamethasone, we showed in these studies that glucocorticoids markedly suppress the antimicrobial activity of macrophages but not macrophage activation by lymphokines. As little as 2.5 X 10-8 mol/liter of dexamethasone prevented macrophages from inhibiting germination of Aspergillus spores or from eliminating ingested bacteria such as Listeria, Nocardia, or Salmonella. Damage to macrophage function was inhibited by progesterone and appeared to be receptor-mediated. In accordance with in vivo observations, dexamethasone required 24-36 h to suppress antimicrobial activity. While glucocorticoids interfered with base-line activity of macrophages, dexamethasone concentrations comparable to drug levels in patients had no effect on macrophage activation. Proliferating lymphocytes and 'y-interferon thus increased the antimicrobial activity of phagocytes exposed to glucocorticoids over that of control cells. Macrophage activation and correction of the dexamethasone effect by 'y-interferon, however, was dependent on the pathogen. The lymphokine enhanced the antimicrobial activity of dexamethasone-treated macrophages against Listeia and Salmonella but not against Aspergillus or Nocardia. Dexamethasone-induced damage to the antimicrobial activity of human macrophages in vitro parallels observations that glucocorticoids render laboratory animals susceptible to listeriosis and aspergillosis by damaging resident macrophages. Suppression of macrophage antimicrobial activity should thus be considered when treating patients with glucocorticoids; its prevention byinterferon might be beneficial for some but not all pathogens.
Introduction
Observations of patients undergoing glucocorticoid (GC)1 therapy (1) (2) (3) or suffering from Cushing's syndrome (4) have established that GC affect host resistance to a broad range of microorganisms. GC affect cell-mediated (reviewed in 5, 6) and hu- 1 . Abbreviations used in this paper: -y-IFN, gamma interferon; CGD, chronic granulomatous disease; Con-A, Concanavalin A; GBSS, Gey's balanced salt solution; GC, glucocorticoid(s); PPD, purified protein derivative; PS, Penicillin-Streptomycin. moral immunity (6) as well as phagocyte function (reviewed in 6) , but the relative contribution of individual immunosuppressive mechanisms to the impairment ofhost defense has not been defined.
We have recently shown in mice that suppression of the antimicrobial activity of resident macrophages by cortisone is critical for induction of overwhelming infection with Aspergillus (7) and Listeria (8) , two important opportunistic pathogens. The concept that GC affect the ability of the macrophage to kill ingested microorganisms, however, has not found uniform acceptance because confirmation of this GC effect on pure phagocyte preparations is lacking. In previous studies, exposure of mononuclear phagocytes to GC either had no effect (9, 10) on the antimicrobial activity or had an effect only at GC concentrations of 16-100 jig/ml (I 1), concentrations that exceed clinical drug levels. In humans, administration of GC in doses of 100-500 mg results in drug levels that do not exceed 1-2 ,ig/ml for sustained time periods (12, 13) . Also, the peak GC level of 20 ,ug/ ml obtained in humans after infusion of 1-2 g of methylprednisolone (Upjohn Co., Kalamazoo, MI) is not comparable to a GC concentration of 16-100 jg/ml in cell culture medium sup- plemented with only 10% serum (11) , since in vivo about 90% of the drug is immobilized by albumin and thus remains biologically inactive (13, 14) . Furthermore, in patients with Cushing's syndrome, severe opportunistic infections such as aspergillosis, nocardiosis, or listeriosis occur at cortisol levels ranging from 0.4 to 1.8 ig/ml (4) 
Hence, while animal studies (7, 8, 15) indicate that GC affect the ability of macrophages to kill ingested microorganisms, no convincing proof exists for a direct steroid effect on the antimicrobial activity of these cells. Similarly, effects of therapeutic GC levels on the process of macrophage activation by lymphokines are controversial. Studies ofthe activity ofmouse peritoneal macrophages against Toxoplasma gondii showed that hydrocortisone succinate in a concentration of 100 ,ug/ml prevented macrophage activation by lymphokines (16) . In contrast, cortisol in concentrations up to 50 ,ug/ml did not interfere with lymphokine-mediated suppression of bacterial proliferation in human alveolar macrophages and blood-derived macrophages infected with Legionella pneumophila (10) . Such conflicting evidence prompted this reanalysis of the effect of GC on the antimicrobial activity of macrophages and on their responsiveness to lymphokines. By taking into account that receptor-mediated (hormonal) effects of GC may require many hours for expression ( 17) , the present studies characterize a dramatic reduction of the antimicrobial activity of human blood-derived and alveolar macrophages by GC. Furthermore, they suggest that GC-induced damage to antimicrobial function of macrophages can be prevented or reverted for some but not for all Methods Organisms. A lot of Listeria monocytogenes strain EGD kept virulent by passages through mice was frozen in aliquots of 2 ml at -700C.
Suspensions of Listeria and of single spores of A. fumigatus isolated from a patient with disseminated aspergillosis were prepared in Gey's balanced salt solution (GBSS) as described previously (7, 8) . Strain GUH-2 of N. asteroides was grown in brain heart infusion broth on a shaking platform overnight, washed three times in GBSS, homogenized with teflon pestles, and filtered through cotton gauze to give a suspension of coccoid bacteria or rods. A serum-resistant strain of Salmonella typhimurium, originally isolated from a cow, was grown overnight in trypticase soy broth. Inocula of spores and bacteria were quantitated by the pour plate technique (7) or by culturing serial dilutions on agar plates (8) .
Media, serum, and reagents. Brain heart infusion, trypticase soy broth, trypticase soy agar, and Sabouraud dextrose agar were all from Difco Laboratories, Detroit, MI. Medium-199 (M-199), GBSS, and PenicillinStreptomycin (PS) were from Gibco Europe (Basel, Switzerland), dexamethasone (Sigma Chemical Co., St. Louis, MO), progesterone (Sigma Chemical Co.), and cortisol (Calbiochem-Behring Corp., La Jolla, CA) were dissolved at a concentration of 2.5 X 10-2 mol/liter in absolute ethanol and then diluted to the indicated concentrations in M-199. Hydrocortisone succinate (Upjohn Co.) was directly dissolved in M-199. Pyrogen-free human recombinant -y-IFN in frozen aliquots of 1.2 X 106 U/ml in phosphate-buffered saline (PBS) was a gift from Dr. L. Gerlis (Biogen SA, Geneva, Switzerland), defrosted 'y-IFN was stored at 4VC not longer than 4 d. Other media supplements included Cyclosporin A (a gift from Dr. J. F. Borel, Sandoz, Ltd., Basel, Switzerland), purified protein derivative (PPD) from M. tuberculosis, Statens Serum Institut, Copenhagen, Denmark, Concanavalin A (Con A; Sigma Chemical Co.), and Tobramycin (Eli Lilly and Co., Indianapolis, IN). Serum from normal volunteers was prepared as described (18) .
Mononuclear phagocytes. Blood mononuclear cells from normal volunteers and three patients with chronic granulomatous disease of childhood (courtesy of Dr. R. Seger, Children's Hospital, University of Zurich) were separated by the Ficoll-Hypaque technique and monolayers were prepared on 12-mm glass coverslips by a slight modification of the method of Nagakawara et al. (19) as fully described (18) . Alveolar macrophages were obtained by lavage of the lung with 3 X 50 ml of saline through a wedged fiberoptic bronchoscope (courtesy of Dr. E. Russi, University Hospital, Zurich) from a normal individual, a patient with the acquired immune deficiency syndrome without pulmonary pathology, and a patient with limited lung cancer. After filtration through two layers of loose cotton gauze, the cell yield was 2-4 X I07 cells with >95% viable macrophages (Trypan Blue, Giemsa). Monolayers of blood-derived macrophages and alveolar macrophages were obtained by placing 0.1 ml of a suspension with 1.5 X 10' and 3 X 106, respectively, of washed cells per ml of M-199 supplemented with 25% human serum on 12-mm coverslips placed in 35-mm tissue culture dishes (Falcon Plastics, Oxnard, CA). After incubation for 1 h at 370C for adhesion of mononuclear phagocytes, coverslips were washed four times with prewarmed GBSS, transferred into 16-mm diam plastic cluster plates (Falcon Plastics), and cultured in M-199 supplemented with 25% human serum and with steroids, y-IFN, lymphocytes, or other additives as indicated. Where appropriate, equivalent amounts of solvents were added to control wells (i.e., for steroids, ethanol was added to a final concentration of .O.1% o). Monolayers always consisted of .98% mononuclear phagocytes as determined by Giemsa stain and phagocytosis of Aspergillus spores. For experiments with Aspergillus, PS (50 U/ml and 50 ,gg/ml) was added to the medium. Medium supplemented with the appropriate drugs and reagents was changed daily throughout the experiments. Secretion of lysozyme by macrophage monolayers was assayed in supernatants with Micrococcus lysodeiktiticus cell walls as substrate and compared with egg white lysozyme standards (20) . Lysozyme background activity (1) (2) gg/ml) of medium supplemented with 25% serum was subtracted.
Assay for the antimicrobial activity of macrophages. Suppression of germination of spores from Aspergillus ingested by macrophages was assayed 24 h after phagocytosis as fully described previously (7, 18) .
Germination rates of spores are expressed as the percentage of spores forming mycelia among 200 counted per coverslip from four coverslips. The germination rate of spores incubated in medium alone was not influenced by the steroids or y-IFN and was always >95% at 24 h. The antibacterial activity of macrophages was quantitated by monitoring the percentage of cells infected over time. In brief, monolayers were challenged with 2-5 X 10' bacteria suspended in GBSS per coverslip and incubated for 1 h with bacteria, washed four times by gentle rocking with prewarmed GBSS, and then further incubated in complete medium for the indicated time periods. In experiments with Listeria, ifnot stated otherwise, tobramycin in a bacteriostatic concentration of 1.2 4g/ml was added to the medium after phagocytosis, to prevent continuous infection of macrophages by extracellularly replicating bacteria. An aminoglycoside was chosen because of its minimal antimicrobial activity within phagocytes. At indicated times, the medium was aspirated, coverslips were rapidly dried in a laminar air flow, and stained by the May-GiemsaGrunwald method. The percentage of cells with intracellular bacteria was then enumerated among 800 cells from quadruplicate coverslips discriminating in addition between cells with 1-10 and >10 bacteria per cell. This limit was chosen because cells always contained <10 bacteria immediately after phagocytosis and bacterial counts above 10 per cell thus reflected intracellular replication of bacteria.
Statistical analysis. Small differences between mean values were evaluated for statistical significance by t test.
Results
Dose and time dependency of the suppressive effect of dexamethasone on the antifungal activity ofmacrophages. For a first series ofexperiments, monolayers ofblood-derived and alveolar macrophages were exposed for 36 h to 2.5 X IO-' to 2.5 X 10-'°m ol/liter of dexamethasone and then challenged with spores from Aspergillus fumigatus. The antifungal activity of the phagocytes was quantitated by enumerating the number ofspores germinating and transforming into mycelia 24 h after phagocytosis. We have previously shown that spores not germinating within 24 h after phagocytosis have been killed by the macrophage while germinating spores escape growth inhibition and killing (7, 18) . A full suppression of the antifungal activity of macrophages was seen over a wide dose range from 2.5 X l0-' to 2.5 X 1O-8 mol/liter (9 Ag/ml to 9 ng/ml) of dexamethasone with an approximately 50% inhibitory effect at 2.5 X IO-9 mol/ liter (Fig. I A) . Thus, at dexamethasone concentrations well into the usual therapeutic dose range, a maximum suppressive effect was noted, which could not be further enhanced by exposure to yet higher GC concentrations. The fact that the monolayers consisted of .98% macrophages, as determined by Giesma morphology and phagocytosis of aspergillus spores, indicated that the observed GC effect was not mediated by contaminating lymphocytes. This was confirmed by demonstrating that (a) substitution of culture medium by supernatant transferred daily from autologous monolayers put in culture I d earlier in dexamethasone-free medium did not modulate the GC effect, (b) that alveolar macrophages from a patient with the acquired immunodeficiency syndrome without detectable lymphocytes in the cell preparation were equally susceptible to dexamethasone as were control cells ( Fig. 1 A) , and (c) that 1 ,ug/ml ofcyclosporin A, which blocks the production of lymphokines, notably that of y-IFN (21), had no effect on the antifungal activity. Furthermore, "young" blood-derived macrophages were as susceptible to dexamethasone as were tissue macrophages ( Fig. 1 A) , which indicates that the effect could not be explained solely by a hormonal modulation of the differentiation of blood monocytes into tissue macrophages. A 36-h time period was initially selected for incubation with GC based on our previous finding in experimental aspergillosis that mice had to be given cortisone acetate at least 36 h before challenge to achieve a maximum suppression of the sporicidal activity of macrophages (7) . Accordingly, an assessment of the time dependency of the dexamethasone effect on the antifungal activity of macrophages in vitro indicated that only a steroid exposure for 24 h or longer resulted in a significant reduction of the antifungal activity ( Fig. 1 B) . The effect was maximal at 36 h,'since exposure to 2.5 X 10' mol/liter of dexamethasone for up to 84 h did not further increase the germination rate of ingested spores (germination after 36 h of dexamethasone: 86±4% compared with 84±3% after 84 h, P > 0.05).
Demonstration that the suppressive effect ofglucocorticoids is receptor-mediated. The observation that the maximum suppression of the antifungal activity of macrophages occurred at dexamethasone concentrations as low as 2.5 X 10-8 mol/liter indicated that the effect was mediated by cytoplasmic high-affinity receptors for steroids. This was confirmed by showing that a 10-1,000-fold excess of progesterone, which is an antagonist of GC at the receptor ( 17, 22) , progressively inhibited the effect of dexamethasone. Progesterone itself had no effect on the antifungal activity of macrophages (Fig. I C) and did not influence the germination rate of spores incubated in medium alone (data not shown). Furthermore, when the suppressive effect of dexamethasone was compared with that of cortisol, cortisol turned out to be -10 times less potent than dexamethasone (Fig. I C) , as expected for a receptor-mediated GC effect in vitro (22) . Suppression ofthe activity ofmacrophages against spores by dexamethasone is independent from oxidative killing systems.
We have previously shown that inhibition and killing of spores from Aspergilli by macrophages is independent from oxidative killing mechanisms (18) . By comparing the activity of macro-1758 A. Schaffner phages from normal volunteers with that of cells from patients with chronic granulomatous disease which are unable to mount a respiratory burst, we found that both kinds ofcells were equally effective in inhibiting the fungus and equally susceptible to the effects ofdexamethasone (Fig. 1 D) . These results were confirmed with blood-derived macrophages from two additional chronic granulomatous disease (CGD) patients. Exposure of blood-derived macrophages from a second individual with CGD to 2.5 X 10-' M of dexamethasone for 36 h increased the germi- .i (8) . First, a model was developed in which the antilisterial activity of macrophages could be assessed morphologically by enumerating the percentage of cells harboring bacteria over time. This was possible since normally bacteria disappeared from 70-80% of blood-derived macrophages within 8 h (Fig. 2) . Bacteria disappeared from phagocytes by destruction and digestion since the number of bacteria did not increase in the supernatant (<2 X 102 bacteria/ml at each time point). There was also no selective loss of infected cells to the supernatant during incubation because cells were not detectable in cytospin preparations from the supernatant. 8 h after challenge with bacteria, infected cells were randomly distributed over the monolayer. Thereafter, clusters of infected cells arose around individual macrophages overwhelmed by intracellularly multiplying bacteria in dexamethasone-treated monolayers, resulting in a rapid increase of the number of cells harboring bacteria (Fig. 2) . Thus, while the number of cells remaining infected after an incubation period of 8 h reflected the activity of macrophages against the initial inoculum, the number of cells being infected at 14 h was also influenced by infection ofadditional cells during the experiment in dexamethasone-treated monolayers. Therefore, in all subsequent experiments we chose ap incubation time of 8 h after challenge, for evaluation of the antilisterial activity of macrophages. By this time the effects of regimens for modulation of macrophage function (studied in detail below) appeared to be fully developed (Fig. 2) . To prevent continuous infection of macrophages by extracellularly multiplying bacteria during incubation, we routinely added a bacteriostatic concentration of tobramycin (1.2 Ag/ml) to the cultures after we washed off bacteria not ingested by cells. The possibility that the addition of the antibiotic distorted the results of a comparison of the antilisterial activity of differently treated macrophage preparations was excluded (Fig. 3) .
The effect of dexamethasone on the antilisterial activity of macrophages was dose-dependent and inhibited by progesterone in a manner comparable to that in the Aspergillus model (Fig.  4 A) . As with Aspergillus, cortisol seemed to be about 10 times less potent than dexamethasone. Furthermore, the potency of hydrocortisone succinate was investigated in the Listeria model to permit comparison with previous reports in which this steroid was studied (9, 1 1). Not unexpectedly, cortisol was more potent compared with the synthetic derivative because esterification of the hydroxy group of cortisol at position C2 1 reduces affinity to the GC receptor (23) . However, the observed 10-fold difference in the potency of the two hydrocortisone compounds (Fig. 4 B) could not account for the 175-fold difference between the 16 jgg/ml of hydrocortisone succinate needed for suppression of macrophage antimicrobial activity in one of the cited studies (I1) and the present finding that 90 ng ofcortisol fully suppressed antilisterial activity of macrophages. Studies of the time course of the GC effect on the antilisterial activity again showed that prolonged incubation of macrophages with GC was necessary to achieve a suppressive effect at pharmacological hormone levels (Fig. 4 C) . Because macrophages were only exposed for a few hours to GC in studies with suprapharmacological concentrations of hydrocortisone succinate (1 1), differences in the duration of GC exposure appear even more important than the kind of hydrocortisone used to explain the impressive difference between GC concentrations required for damage of macrophage activity in this and the cited study (1 1). The Listeria system apparently required an additional 12 h to develop a full dexamethasone effect (Fig. 4 C) when compared with the fungus system (Fig. I B) . This difference, however, was most likely due to the different assay techniques used. While germination of Aspergillus spores was quantitated 24 h after phagocytosis, cells infected with Listeria were enumerated 8 h after infection of macrophages, allowing for a more extended contact with the GC in experiments involving spores. Influence ofmacrophage activation by proliferating lymphocytes or oy-interferon on the immunosuppressive effect of dexamethasone. The effect of dexamethasone on macrophages was studied in the presence of proliferating lymphocytes stimulated either by a recall antigen or by Con A. When macrophages and stimulated lymphocytes were cocultured for 48 h and then exposed to dexamethasone, the GC could no longer suppress antilisterial activity of the phagocytes below that of control cells (Fig. 5) . Furthermore, when the GC was added to monolayers cocultured with PPD-sensitized lymphocytes 2 h before the stimulating antigen, macrophages cultured for 4 d under these conditions before challenge, still acquired GC resistance and eliminated bacteria much more efficiently than untreated control cells (Fig. 5) . The observed macrophage activation occurred in spite of a suppressed (but not completely abolished) proliferation of lymphoblasts in the presence of the GC (compared with control wells). Comparable results were obtained when in several similar experiments the effects of PPD-sensitized lymphocytes stimulated with PPD were compared with the effects of lymphocytes stimulated with Con A (data not shown).
Since y-IFN has been recognized as an important macrophage-activating factor produced by T lymphocytes (24-26), we did a series of experiments in which human recombinant -y-IFN replaced proliferating lymphocytes. y-IFN could replace proliferating lymphocytes in rendering macrophages completely resistant to the suppressive effect ofdexamethasone. Furthermore, dexamethasone at a concentration 100 times higher than that required to fully suppress antilisterial activity of "resting" macrophages did not interfere with macrophage activation by y-IFN (Fig. 6 A) . Challenge of macrophages with higher numbers of bacteria resulted in heavy infection of individual cells during phagocytosis, and under these conditions even cells not exposed to GC had difficulties controlling intracellular bacteria. In contrast, the majority of heavily bacteria-laden macrophages activated by -y-IFN destroyed all intracellular bacteria. Under these conditions dexamethasone also did not interfere with the activation except at a very low y-IFN concentration below a fully activating dose (Fig. 7) .
When the time course of reversion of the dexamethasone effect on macrophages by y-IFN was studied, it became apparent that 'y-IFN affected macrophage function much more rapidly than dexamethasone, because addition of y-IFN only 2 h before phagocytosis resulted in a nearly complete restitution of the antilisterial activity ofGC-treated macrophages (Fig. 6 B) compared with 36 h ofexposure required to produce dexamethasone damage (Fig. 4 C) . In addition, these experiments confirmed that even after prolonged exposure of macrophages to therapeutic dexamethasone levels, the phagocytes still responded to y-IFN by rapid restoration of the antilisterial activity (Fig. 6 B) .
In contrast to the observations with Listeria, -y-IFN in concentrations of 10-100 U/ml and proliferating lymphocytes neither prevented nor reverted the deleterious effect of dexamethasone on the activity of blood-derived or alveolar macrophages against Aspergillus spores (Figs. 5 and 7) . Also, higher -y-IFN concentrations up to 104 U/ml were without effect on the antifungal activity of macrophages (not shown). The finding that 1y-IFN corrects only for the suppressive effect of GC on macrophage activity for certain microorganisms was confirmed with Salmonella typhimurium and Nocardia asteroides. These organisms were selected because of their opportunism in patients undergoing glucocorticoid therapy, because of their ability to parasitize macrophages, and because of possible differences in their susceptibility to killing by phagocytes. While y-IFN cor- 
Discussion
The present study characterizes in vitro a deleterious effect of therapeutic glucocorticoid concentrations on the ability of macrophages to kill ingested microorganisms. The results prove in pure in vitro systems direct damage by pharmacological glucocorticoid levels to the antimicrobial activity of mononuclear phagocytes, an effect found to be critical in several models of opportunistic infections (7, 8, 15) . When macrophages were exposed for 24-36 h to GC, the antifungal and antibacterial activity of the phagocytes was fully suppressed by as little as 10 ng/ml of dexamethasone and 100 ng/ml of cortisol with no greater effect ofGC concentrations up to 10 gg/ml. These GC concentrations are clearly in the therapeutic range. On one hand, physiological plasma cortisol levels range from 8 to 220 ng/ml during the diurnal cycle (27) with a biologically available (14) concentration of free cortisol of 0.8-28 ng/ml (27) . On the other hand, GC therapy results in sustained plasma drug levels of 1-2 gg/ml with as much as 100 to 500 ng unbound hormone (12, 13) .
Suppression ofthe antimicrobial activity appeared to be mediated by high-affinity GC-receptors of macrophages (20) not only because of the very low GC concentrations required for a fully suppressive effect but also because an excess ofprogesterone, an antagonist of GC at the receptor (17, 20, 22) , suppressed the effect ofdexamethasone in a dose-dependent manner. The failure ofprevious studies (9, 1 1) to confirm a direct effect oftherapeutic GC concentrations on the antimicrobial activity of macrophages in vitro might in part reflect the short duration of these experiments precluding an expression of receptor-mediated effects of steroids that involve synthesis of messenger RNA and proteins (28). Furthermore, the use of synthetic steroids might have influenced the glucocorticoid concentration required for a suppression of antimicrobial activity as indicated by the observation that hydrocortisone succinate, which was used by some investigators (9, 1 1), was in our hands about 10 times less potent than cortisol. Finally, the kind of microorganism studied by different authors also has to be considered to explain disparate results. Thus, Nash et al. (10) studied the effects of cortisol on the anti-Legionella activity of human blood-derived and alveolar macrophages. In this system "resting" mononuclear phagocytes do not display anti-Legionella activity; rather, the phagocytes are required to support bacterial growth. It is therefore not surprising that no suppressive effect of glucocorticoids on the antimicrobial activity of resting macrophages was noted in this model.
The observation that macrophages had to be exposed to GC for at least 24 h before being functionally affected raises the question of whether the steroid merely interfered with a nonphysiologic process of in vitro differentiation or in vitro functional modulation during culture. The findings that alveolar macrophages are as susceptible to corticosteroids as blood-de- (7, 8, 15) and humans (29) has also only been shown after GC administration for more than 24 h.
The observation that macrophages from patients with CGD, which are unable to generate important amounts of reactive oxygen intermediates, were as sensitive to the effect of corticosteroids as were normal cells, points to killing mechanisms other than oxidative systems as targets for the corticosteroid effect. From the studies ofWerb (22) it is known that GC concentrations comparable to those used here have important catabolic effects on macrophages such as reduction of the synthesis of neutral proteases. Since most, if not all, receptor-mediated GC effects are related to a modulation of protein synthesis (28), it seems likely that the effect of corticosteroids on the antimicrobial activity of macrophages similarly reflects the suppression of synthesis of proteins of the antimicrobial armature of the phagocyte. Accordingly, the time lag between the beginning ofthe corticoid exposure and expression of the killing defect could indicate that such suppressed proteins have to be exhausted to a critical level through protein turnover.
Contrary to previous observations on effects of excessive concentrations of hydrocortisone succinate on the in vitro responsiveness of macrophages to lymphokines (16), dexamethasone at therapeutic levels did not affect macrophage activation. This finding is in accord with the recent observation of Nash et al. (10) that cortisol does not affect lymphokine-mediated activation of human macrophages against L. pneumophila. In our studies on Listeria, -y-IFN abolished the steroid effect within a few hours and induced an antilisterial activity of macrophages exposed to a broad range ofdexamethasone concentrations which was superior to that of untreated control cells. Thus, y-IFN in contrast to progesterone appeared to override and not to antagonize the immunosuppressive effect of dexamethasone on macrophages, possibly by affecting other killing mechanisms than those damaged by GC. This concept is supported by the observation that y-IFN, which seems to enhance oxidative killing (26) , had in contrast to experiments with Listeria or Salmonella no effect on the base-line activity of macrophages against Aspergillus spores, which apparently are not killed by oxidative mechanisms (18) . y-IFN similarly did not affect the complete loss ofthe bactericidal activity ofdexamethasone-treated phagocytes against Nocardia, an organism which, like Aspergillus spores but unlike Listeria and Salmonella, is resistant to killing by neutrophil granulocytes (7, 30) . Based on these observations, one might speculate that by damaging nonoxidative killing mechanisms, dexamethasone affects antimicrobial activity of "resting" macrophages against a broad range of microorganisms, and that activation of oxidative killing systems by y-IFN might be sufficient for some but not all microorganisms to correct for the GC-damage. This hypothesis is supported by the recent observations of Mokoena and Gordon (31) , which indicate that dexamethasone suppresses lymphokine-induced expression of several markers of macrophage activation but has no effect on lymphokine-induced enhancement of the respiratory burst.
This pathogen-dependent dichotomy in the opposing effects of y-IFN and GC on the antimicrobial activity of macrophages might explain why in a model of listeriosis (32) but not in models of aspergillosis (7), mice can be rendered cortisone-resistant by prior immunization. The failure of y-IFN to correct for the immunosuppressive effect of GC on the antimicrobial activity of macrophages against some microorganisms hampers somewhat the enthusiastic outlook (21) for the possibility of multiple simultaneous immunomodulatory interventions such as an immunosuppression with corticosteroids and a simultaneous protection from opportunistic infections with recombinant 'y-IFN.
Dexamethasone added to cocultures of proliferating lymphocytes and macrophages did not prevent activation of the phagocyte against Listeria. Thus, in this in vitro model which depends on a mitogen or on a recall antigen for induction of lymphoproliferation, the afferent limb ofcell-mediated immunity appeared less susceptible to therapeutic GC concentrations than the effector limb, the macrophage. However, extrapolation to the in vivo situation is hampered by other effects of corticosteroids on cell-mediated immunity such as recruitment of lymphocytes or antigen access (6) , which are not reflected in the model. Furthermore, it is likely that there are important differences between a secondary and a primary immune response that cannot be studied in vitro. Nevertheless, our previous comparison of the effects of cortisone on listeriosis and aspergillosis in genetically athymic and normal mice suggests that the macrophage is also in vivo the critical target for the immunosuppressive effect of glucocorticoids in these infections (7, 8) .
